In China, coal combustion to generate electric power is the primary method, the energy-saving and emission reduction is the urgent task. At present, the energy-saving dispatching trial method in some area evaluates energy-saving and emission reduction of coal combustion power generation according to power supply coal consumption rate only. But the power supply coal consumption rate can't reflect the energy-saving and emission reduction effect of coal combustion power plant overall. For example, the same coal combustion unit, the coal consumption rate is difference when desulfuration system is operating or not; the coal consumption rate of the unit with SCR will be increased; the coal consumption rate of the air-cooled unit is higher than water-cooled unit; etc.. This paper considers synthetically coal consumption rate, pollution emission, water resource wastage, etc., establishes a integrated evaluation system, adopts factor analysis method, gets the integrated evaluation system and index of energy-saving and emission reduction of coal combustion power generation, evaluates energy-saving and emission reduction effect of 5 power plants reasonable. The results show that the index can reflect the energy-saving and emission reduction level of coal combustion power generation.
Introduction
In China, coal combustion to generate electric power is the primary method; it occupies about 80% generation portions. At present, the energy-saving dispatching trial method in some area evaluates energy-saving and emission reduction of coal combustion power generation according to power supply coal consumption rate only [1] .
But the power supply coal consumption rate can't reflect the energy-saving and emission reduction effect of coal combustion power plant overall. For example, the same coal combustion unit, the coal consumption rate is difference when desulfuration system is operating or not; the coal consumption rate of the unit with SCR will be increased; the coal consumption rate of the air-cooled unit is higher than water-cooled unit; the power plant far away from load center, the line loss is higher, the real coal consumption rate will be increased; etc.. How to evaluate the energy-saving and emission reduction of coal combustion power plant, that is the primary task for carrying out the energy-saving and emission reduction dispatching of coal combustion power plant. So, it is important that study the evaluating method of energy-saving and emission reduction of coal combustion power plant.
Evaluation index

Evaluation system
In China, the power generation dispatching is changed from economic dispatching to energy-saving dispatching. Energy-saving power generation dispatching under the premise of power reliable supplying, according to energy-saving, environmental protection and economical principle, dispatch firstly the Aeolian energy, solar energy, oceanic energy, biomass energy, nuclear energy, etc., reproducible and clean energy generation, and then dispatch coal combustion power generation. In coal combustion power generation dispatching, the order is according to power supply coal consumption rate for reducing the resource consumption and pollution emission. Some companies have tried the energy-saving generation dispatching, for instance, the south grid, Sichuan grid, Jiangsu and Henan grid[2~3].
In a word, the evaluation index of energy-saving and emission reduction of coal combustion power generation is power supply coal consumption rate primarily in the world, some research think over SO 2 and line loss, the else factors are not considered [4~9] . But the power supply coal consumption rate can't overall reflect the energy-saving and emission reduction of coal combustion power generation. So, it is necessary to establish the integrated evaluation system for reflecting energy-saving and emission reduction of coal combustion power plant roundly.
There are many factors which influence the energy-saving and emission reduction of coal combustion power generation. Choose reasonable indexes, establish appropriate model and select proper optimization method will ensure the rationality of the evaluation system. According to the analysis, this paper makes integrated evaluation of power supply coal consumption, pollution emissions, water resource wastage and operating reliability of units, etc.
The index are: (1) Net coal consumption rate; (2) Pollution emission SO 2 and NOx; (3) Operating reliability of units; (4)Net loss; (5) Water resource wastage.
Mathematical model of factor analysis
The indicators of energy-saving and emission reduction as above are too many to show the effect of energy-saving and emission reduction directly, so mathematical method should be used. Through the analysis of the seven evaluation indicators, one index can be obtained which is called integrated evaluation index of energy-saving and emission reduction. According to the index, integrated evaluations of energy-saving and emission reduction of coal-fired power plants can be conveniently carried out. In this paper, the mathematical method is factor analysis.
In scientific research, the multiple variables which reflect the object of study should be collected as many as possible in order to grasp the main points of the issue. Although the sample of multivariate can provide a lot of information for the scientific research, to some extent, the workload of data collection will increase. More importantly, there may be correlations among the variables. This means that seemingly different variables cannot reflect all aspects of different attributes, but just the different performances of identical attribute. Factor analysis should be used to find a few integrated factors among the relevant indexes to reflect the main original information. Factor analysis is used to describe the indexes or the links with a few factors and change the multiple variables into a few "factors" in order to reproduce the relationship between original variables and the "factors".
Factor analysis is a branch of multivariate analysis which is used to describe the covariance relationship of many variables with a few random variables. The factors are unobserved random variables. Factor analysis is based on the correlation and divides the variables into groups. The correlation of the same group is high, but of the different groups is low.
Factor analysis is a method to use the less independent factor variables instead of the original data. The mathematical model is expressed as follows:
is the independent and unobservable theoretical variable which is called common factor; U i (i=1, 2,…,p) is the unique factor of Z i (i=1,2,…,p) and Z i is the component index of vector X. U i is connected with variable Z i , and is called special factor. Coefficient α ij is the factor loading. Formula (1) can be expressed with matrix as: X AF CU = + (2) Principal component analysis can be calculated with Non-linear Iterative Partial Least Squares (NIPALS). NIPALS calculates each main component of the matrix. Firstly, it calculates the first score vector t 1 and the first load vector p 1 . Secondly, subtract their outer products from matrix X and get an error matrix E 1 . And then calculate the second score vector t 2 and second load vector p 2 of X from E 1 : 
The index of energy-saving and emission reduction based on factor analysis
For coal-fired power generation, energy-saving and emission reduction mainly depends on the coal consumption and emissions of pollutants. In northern regions of China, development of air-cooled units is in priority status in order to protect the precious water resources. Based on the reality above, energy-saving and emission reduction should be evaluated from three parts, coal and water consumption, safety and environmental protection.
With the use of factor analysis, energy-saving and emission reduction index can be obtained after the normalization of the seven factors.
The indexes of energy-saving and emission reduction and the comprehensive evaluation indexes are shown in table 1. The small index is better. Table 1 shows that if only to treat coal consumption as the evaluation index, power plant 5 will generate electricity preferentially. According to the method of this paper, power plant 4 will generate electricity preferentially and the order of power plant 1 and 2 has no difference between two methods. In order to compare the effect of energy-saving and emission reduction, the basic data of power plant 3, 4, 5 should be calculated. Suppose they are the same 600MW supercritical units with the use of the same coal. Generally, per kilogram coal will produce about 6m 3 As is shown in table 2, although the coal consumption of power plant 5 is low, compared to power plant 4, the SO2 and NOx emission per hour is higher. Therefore, from the perspective of energy-saving and emission reduction, the integrated index of power plant 4 is better than power plant 5. Meanwhile, when considering the net loss, assume power plant 5 and 4 provide the same amount of electricity to users, power plant 4 is better. According to the comparison of the computational data, the proposed evaluation method of this paper can fully reflect the situation of energy-saving and emission reduction. And the integrated evaluation index is reasonable.
Conclusion
Reasonable choice of evaluation index, comprehensive consideration of the influence factors on energy saving and emission reduction evaluation system, rational choice of evaluation method, it will make the establishment of the evaluation system more appropriate. Unitary conduct of the evaluation index will make the evaluation result simple, clear and more reasonable. This paper considers synthetically coal consumption rate, pollution emission, water resource wastage, etc.,
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Advanced Research on Advanced Structure, Materials and Engineering establishes a integrated evaluation system, adopts factor analysis method, gets the integrated evaluation system and index of energy-saving and emission reduction of coal combustion power generation, evaluates energy-saving and emission reduction effect of 5 power plants reasonable.
The results show that the index can reflect the energy-saving and emission reduction level of coal combustion power generation.
